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DIRECT CONTACT IN TRENCH WITH
THREE-MASK SHIELD GATE PROCESS

FIELD OF THE INVENTION

This mvention generally relates to semiconductor devices

and more particularly to trench-gate field effect transistors
(FET) and method of making the same.

BACKGROUND OF THE INVENTION

A DMOS (Double diffused MOS) transistor 1s a type of
MOSFET (Metal Oxide Semiconductor Field Effect Transis-

tor) that uses two sequential diffusion steps aligned to the
same edge to form the channel region of the transistor. DMOS
transistors are oiten high voltage, high current devices, used
either as discrete transistors or as components 1n power nte-
grated circuits. DMOS transistors can provide high current
per unit area with a low forward voltage drop.

One particular type of DMOS transistor 1s a so-called
trench DMOS transistor in which the channel is present on the
sidewall of a trench, with the gate formed 1n the trench, which
extends from the source towards the drain. The trench, which
1s lined with a thin oxide layer and filled with polysilicon,
allows less constricted current flow than the planar gate

DMOS transistor structure and thereby provides lower values
ol specific on-resistance.

Dual gate trench MOSFETs have been developed and
manufactured. US publication No. 2006/0273386 discloses a
method of making a shield gate field effect transistor includ-
ing a body region of a first conductivity type over a semicon-
ductor region of a second conductivity type. A gate trench
extends through the body region and terminates within the
semiconductor region. At least one conductive shield elec-
trode 1s disposed 1n the gate trench. The shield electrode 1s
connected to the source voltage and shields the gate electrode
from the drain to reduce the gate-drain capacitance (Cgd) and
to improve the breakdown voltage. A gate electrode 1s dis-
posed 1n the gate trench over but insulated from the at least
one conductive shield electrode. A shield dielectric layer
insulates the at lease one conductive shield electrode from the
semiconductor region. A gate dielectric layer insulates the
gate electrode from the body region. The shield dielectric
layer 1s formed such that 1t flares out and extends directly
under the body region.

However, a conventional method of making such a shield
gate field effect transistor requires a six to eight masks pro-
cess that 1s expensive and time consuming.

It 1s within this context that embodiments of the present
invention arise.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become
apparent upon reading the following detailed description and
upon reference to the accompanying drawings 1n which:

FIGS. 1A and 1B are top views of first and second possible
layouts respectively of semiconductor devices according to
an embodiment of the present invention.

FIG. 1C 1s a cross-sectional view of a shield gate field
elfect transistor having polysilicon (poly) source and poly
gate formed 1n a same trench of the semiconductor devices

depicted 1n FIGS. 1A-1B.

FIGS. 2A, 2C, 2E, 2G, 21, 2K, 2L, 2N, 20, 2Q, 2R, 2T, 2U,
2W,2X, and 2Y are a sequence of cross-sectional views taken
along line A-A of FIGS. 1A-1B illustrating different stages of
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2

a method of making the shield gate field etfect transistor
depicted in FIGS. 1A-1C according to an embodiment of the

present 1nvention.

FIGS. 2B, 2D, 2F, 2H, 2], 2M 2P, 28, 2T, and 2V are a
sequence of cross-sectional views taken along line B-B of
FIGS. 1A-1B 1illustrating different stages of the method of
making the shield gate field etfect transistor depicted in FIGS.
1A-1C.

FIG. 3 1s a cross-sectional view illustrating a source poly
connection according to an embodiment of the present mnven-
tion.

FIG. 4 1s a cross-sectional view illustrating a gate poly
connection according to an embodiment of the present mven-
tion.

FIG. 5 1s a cross-sectional view of a structure for the source
poly in the third direction according to an embodiment of the
present 1nvention.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

Although the following detailed description contains many
specific details for the purposes of illustration, anyone of
ordinary skill 1n the art will appreciate that many variations
and alterations to the following details are within the scope of
the invention. Accordingly, the exemplary embodiments of
the invention described below are set forth without any loss of
generality to, and without imposing limitations upon, the
claimed 1nvention.

Embodiments of the present invention illustrating a
method of making shield gate trench FET transistors includ-
ing direct source and gate contacts with a 3 mask shield gate
Process.

FIGS. 1A-1B are top views 1illustrating two layouts of
semiconductor devices 100 that include a bottom drain shield
gate trench FET. As shown 1n FIG. 1A, the semiconductor
device 100 1s formed from a semiconductor substrate. The
device 100 includes a first trench pattern 102 and a second
trench pattern 104. The first trench pattern 102 includes one or
more 1interconnected trenches, each of which contains a
source electrode, made of a first conductive matenal (e.g., a
first polysilicon layer referred to as polyl) and electrically
coupled to the source voltage. The second trench 104, simi-
larly contains one or more interconnected trenches, each of
which contains a gate electrode, made of a second conductive
material (e.g., a second polysilicon layer referred to as poly2)
in addition to the source electrode. The source electrode, also
known as a shield electrode, 1s formed 1n the bottom of a
trench 1n the substrate and the gate electrode 1s formed in the
top portion of the trench. The first and second conductive
materials may be electrically insulated from the material of
the substrate 101 by insulating material on the sidewalls and
bottoms of the trenches 1n the first and second trench patterns
102, 104. Trenches 1n both the first trench pattern 102 and the
second trench pattern 104, which are interconnected together,
may contain a source electrode at a bottom of the trench. In
addition, trenches in the second trench 104 may also contain
a gate electrode 1n a top portion of the trench which 1s 1solated
from the source electrode by an insulating material. It 1s noted
that an outermost portion of the first trench pattern 102 may
also act as a guard ring due to the thick insulator between the
first conductive material and the material of the substrate 101.

Contacts 110 provide vertical electrical connection from
the gate electrode 1n the second trench pattern 104 to a gate
metal 114 located at the top of the semiconductor device.
Additional contacts 112 provide vertical electrical connec-
tion from the source electrode 1n the first trench pattern 102 to
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a source metal 116 also located at the top of the semiconduc-
tor device 100. The shield electrode 1n the first trench pattern
102 1s interconnected with the shield electrode i the second
trench pattern 104. By way of example, the source metal 116
may be electrically connected to ground, and a drain metal on
the bottom side (not shown) may be electrically connected to
a high voltage (negative) for N-channel operation—{ior
P-channel operation, the drain metal may be connected to a
positive high voltage mstead. FIGS. 1A and 1B show differ-
ent possible locations for the contacts 112. The contacts 112
may be located at an edge of the source metal 116, where the
voltage may be high due to the proximity to the die edge, as
shown 1n FIG. 1A. Alternatively, the contacts 112 may be
located 1n the middle of the source metal 116, where the
voltage 1s low, as shown 1n FIG. 1B.

The semiconductor device 100 also includes contacts 106
for electrically connecting the source and body regions of
cells 108 to the source metal 116. The cells 108 may be shield
gate trench FETs. A cross-sectional view of a central portion
109 of a cell 108 1s shown 1n FIG. 1C. The cell 108 may be
formed with trenches 104' of the second trench pattern 104.
The trenches 104' may be formed 1n a semiconductor sub-
strate having a heavily doped substrate layer 131 supporting
an epitaxial layer 132. The central portion 109 of the cell 108
may include a first conductive material 122 (e.g., polyl)
acting as a source/shield electrode at the bottom of a central
trench 104'. The first conductive material forms a shield for
the gate electrode 124 of cell 108. A second conductive mate-
rial 124, e.g., poly 2, provides a gate electrode at the top of the
cell. The first and second conductive materials are electrically
insulated from the substrate 101 and each other by msulating
material including, e.g., an inter-poly-oxide (IPO) layer 126.
The cell 108 also includes a source region 133 at the top of the
epitaxial layer 132, as well as a body region 134 beneath the
source region 133. A source metal 116 covers the cell 108.

FIGS. 2A-2Y are cross-sectional views illustrating a 3
mask process of making a semiconductor device of the type
depicted in FIGS. 1A-1B. Cross-sections taken along lines A
and B are respectively marked as “Position A” or “Position B”
in FIGS. 2A-2Y.

As shown 1n FIGS. 2A and 2B, a first mask, e.g., a photo-
mask (not shown) 1s deposited on top of a semiconductor
substrate that includes, e.g., a relatively lightly doped N-EPI
layer 204 located on top of a heavily doped N-substrate 202.
The first photomask may be patterned with openings that
define trenches. Optionally, the photoresist mask may pattern
an oxide layer (not shown) over the N-EPI layer 204; the

oxide layer may then act as a hard mask for etchmg the
trenches. The N-EPI layer 204 and the N-substrate 202 are

then etched through the mask to form trenches 206, 208 and
210, as shown in FIG. 2A, which 1s along line A. The trenches
206 will form part of the cell 108 later 1n the process (such as
trench 104" of central portion 109 of FIGS. 1A-1C). For
convenience these trenches 206 are referred to as cell
trenches. Another trench 208 may be used to form part of a
trench pattern that connects to a gate metal layer (correspond-

ing to contacts 110 of FIGS. 1A-1B). F

Hor convenience this
trench 208 1s referred to as a gate trench. Yet another trench
210, will form part of a trench pattern that connects to a source
metal layer. For convenience this trench 210 1s referred to as
a source trench (corresponding to contacts 112 of FIGS.
1A-1B). All these trenches are interconnected together, as
shown 1in FIGS. 1A-1B. As shown 1n FIG. 2B, which is taken
along line B, part of the trenches 208 and 210 are formed 1n a
different portion of the substrate. The cell trenches 206 and
gate trench 208 may be formed 1n the N-EPI layer 204, but the
source trench 210 can be extended down 1nto the N-substrate
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202. The width of the three trenches 206, 208 and 210 are
different. For example, the width of the cell trench 206 1s the
narrowest of the three trenches, e.g., about 0.3 micron to 0.5
micron. The gate trench 208 1s wider than the cell trench, e.g.,
about 0.6 micron to 0.9 micron. The source trench 210 1s
wider than the gate trench, e.g., about 1.2 microns to 2.0
microns. For a given etch duration, the wider the mask open-
ing, the deeper the trench can be etched by an anisotropic etch
process, e.g., dry etch, which 1s typically used for poly etch
back. Since it 1s desired to make the source trench deeper than
the gate trench, the width of the source trench 210 is larger
than the depth of the gate trench 208. Preferably, a ratio
between the width of the source trench 210 and the width of
the trench 208 W_. __ .,./W_. _ . ..: 15 about 1.5 to 3 and a
ratio of the width of the source trench 210 and the depth of the
trench 208 W__ . ,.o/D,.. .-5: 18 about 1.1 to 1.3. Thus
using a single mask and a single etching step, trenches of
varying depths may be formed.

As shown in FIGS. 2C-2D, a thin insulating layer 216 (e.g.,
an oxide) may be formed on a sidewall and bottom of the
trenches 206, 208 and 210. By way of example, the insulating
layer 216 may be formed by a combination of thermally
grown oxide and high temperature oxide (HTO) deposition.
The total thickness of the oxide layer 216 may be about 13500
Angstroms to 2500 Angstroms to block high drain-source
voltage V ,,.. A first conductive material 218 (e.g., polysilicon
denoted poly1) 1s then n-situ deposited into the trenches and
ctched back, for example to about half the depth of the trench.

As shown i FIGS. 2E-2F, a thucker insulating layer 217 1s

then formed on top of the first conductive material (e.g.,
polyl, or the source/shield electrode) layer 218. By way of
example, and not by way of limitation, the thicker imnsulating
layer 217 may be an oxide formed by high density plasma
(HDP) oxide deposition. The insulating layer 217 may then
undergo chemical mechanical polish (CMP) and be etched
back to a pre-determined thickness on top of the conductive
material 218. A wet etch may be used to remove excess

insulating material from the sidewalls of the trenches.
As shown 1n FIGS. 2G-2H, a thin gate insulator 219 (e.g.,
an oxide) may be formed on the sidewalls of the trenches. The

thickness of the gate insulator 219 may be about 250 A to
1000 A. A second conductive material layer 220 (e.g., a
second polysilicon layer denoted as poly2, or as the gate
clectrode) may then be deposited to fill the trenches 206 and
208. The amount of the second conductive material may be
selected such that the source trench 210 1s not completely
filled since 1it1s wider and deeper, which leaves a gap 221, e.g.,
of about 0.1 micron to 0.3 micron 1n the second conductive
material 220 over source trench 210.

As shown 1n FIGS. 21-2], the second conductive material
220 may be 1sotropically etched back. The conductive mate-
rial 220 1n the source trenches 210 can be removed com-
pletely due to the presence of the gap 221, and because wider
trench openings etch faster. To minimize the residual amount
of conductive material 220 1n the source trench 210, the
second conductive material 220 1n the trenches 206 and 208
may be recessed some degree by a longer 1sotropic etch
process.

A thin insulator layer 222 (e.g., an oxide) may be formed to
{11l up the trenches 206, 208, 210. By way of example an oxide
may be formed by a combination of thermal oxidation and
deposition of low temperature oxide or high density plasma
(HDP) as shown 1n FIGS. 2K and 2M. The thin insulator layer
222 may then be chemical mechanical polished and/or etched
back. FIG. 2L depicts an alternative version of the process
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shown 1n FIG. 2K. In this case, the mnsulator layer 222 1s
etched back more to facilitate future angle source implanta-
tion.

As shown 1n FIGS. 2N and 2P, a body layer 224 1s formed
at a top portion of the N-EPI layer 206 followed by formation
of a source layer 226 at a top portion of the body layer 224.
The body layer 224 and source layer 226 may be formed, e.g.,
by vertical implantation and annealing. FIG. 20 illustrates an
alternative to the process of FIG. 2N, 1n which the source 226
may be formed by angled implantation. In this option, the
source layer 226 may be implanted thinner, because the
angled implants and the removal of oxide 222 over the gate
clectrode 220 as shown 1n FIG. 2L, allow the source implant
to reach the gate electrode 220 with a small thickness.

FIGS. 2Q-2V 1illustrate contact formation. As shown in
FIGS. 2Q) and 28 an insulator layer 228, e.g., a low tempera-
ture oxide layer 228, such as borophosphosilicate glass
(BPSG), 1s formed on top of the structure followed by densi-
fication. A contact mask (not shown) 1s formed on the 1nsu-
lator layer 228 and patterned with openings that define con-
tact holes. The contact mask 1s the second photomask used in
this process. The insulator layer 228 and portions of the body
layer 224 and source layer 226 may be etched through the
openings 1n the mask to form contact holes 229 and the oxide
in the trenches 208 and 210 1s etched down to the polyl or
poly2 layer to form holes 231 and 233. First, an oxide etch
may be performed to etch away the oxide layer 228 and the
oxide 1n the trenches (e.g., 222) up to the silicon or polysili-
con. Then a silicon etch 1s performed to etch through the
source layer 226 and expose the body layer 224 1n contact
holes 229. F1G. 2R 1s an alternative version of the step of FIG.
2Q). In this version, the etching to form contact holes 229 ends
at the top surface of the body layer 224. Then, standard
processes of body contact implant and diffusion may be car-
ried out to form a body contact region 230 proximate the
bottom of the contact holes 229. The source/shield electrodes
218 and gate electrodes 220 are heavily doped and so are not
aifected by the body contact implant.

Due to the depth of the source/shield electrode 218 in
trench 210, the size of the contact hole 231 may be larger than
the size of the contact hole 233 or 229. For example, the size
of the contact hole 231 may be about 0.25 micron to 0.35
micron versus the size of the contact hole 233 being about
0.35 micron to 0.7 micron.

As shown 1in FIGS. 2T-2V, a layer 232 of a barrier material,
such as T1/TiN, may be deposited into the contact holes 229,
231 and 233. A conductive (e.g., tungsten (W)) plug 234 may
then be used to fill up the contact holes 229, 231 and 233. The
barrier metal 232 and tungsten plug 234 in the contact holes
229 over the source regions 226 provide source/body con-
tacts. A metal layer 236, preferably Al-S1, may then be depos-
ited on top of the resulting structure. A patterned metal mask
(not shown) 1s deposited on the metal layer 236 following
with a metal etch to separate the metal layer 236 into electri-
cally 1solated portions that form gate and source metals such
as gate metal 114 and source metal 116 of the semiconductor
device 100 of FIGS. 1A-1B to complete the device. The metal
mask 1s the third photomask in this process. The barrier metal
232 and tungsten plug 234 1n the contact holes 229 over the
source regions provide source/body contacts 106 from the
source layer 226 and body layer 224 to the source metal 116
(FIGS. 1A-1B). The barrier metal 232 and tungsten plug 234
in the contact holes 231 over the source trench 210 provide
vertical source trench contacts 112 from the source electrode
218 to the source metal 116 (F1GS. 1A-1B). The barrier metal
232 and tungsten plug 234 1n the contact holes 233 over the
gate trenches 208 provide vertical gate trench contacts 110
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from the gate electrode 220 to the gate metal 114, (FIGS.
1A-1B). Optionally, an additional mask for passivation may
used subsequently. A drain metal (not shown) may then be
formed on the bottom of the device, a standard process which
does not require a mask.

FIG. 2W 1s the same step as FIG. 2N and FIGS. 2X-2Y

illustrate an optional salicidation of silicon material that may
be performed right after source implant and drive-in, 1.e.,

right after steps illustrated in FIG. 2N or FIG. 2W, if needed.

In this case, the msulating layer 222 1s etched back to form
oxide spacers 238 as shown in FIG. 2X. For example if the
insulating layer 222 1n the trench over the second conductive
material 220 (e.g., poly2) 1s an oxide about 1200 Angstroms
to 2000 Angstroms thick, a dry etch may be used. The side-
wall spacer thickness 1s preferably about 500 Angstrom to
800 Angstroms. The spacer prevents source layer 226 and
second conductive material (gate electrode) 220 from short-
ing. If the second conductive material 220 1s polysilicon,
salicide 240 may then be formed with a standard salicidation
process on top of the second conductive material 220 and on
top of the source layer 226 as shown in FIG. 2Y. The salici-
dation process includes the deposition of T1/TiN, rapid ther-
mal annealing (RTA) at a temperature of 580 C. to 680 C. in
nitrogen atmosphere, which forms salicide 220 wherever the
T1/TiN contacts silicon or polysilicon, followed by the strip-
ping of the remaining TiN. The metal salicide may be T154,
N1S1 or CoSi. TiS1 may optionally be used to reduce the gate
resistance. T1/TiN will not react with oxide to form salicide,
so the oxide spacers 238 remain free of salicide.
Subsequent contact and metal formation may be 1mple-

mented as described 1n FIGS. 2Q-2V after the salicide for-
mation.

FIGS. 3-5 illustrate some examples of different types of
trench structures found 1n the devices described above. For
simplicity FIGS. 3-5 omit details such as source and body
regions, BPSG, etc. FIG. 3 1s a cross-sectional view 1llustrat-
ing a structure 300 of the source poly connection and termi-
nation, which 1s formed i the step described 1n FIG. 2T. As
shown 1n this figure, a polysilicon source/shield electrode 302
formed 1n an insulated trench in a semiconductor substrate

301 may be vertically connected directly to the source metal
(not shown) by a W-plug contact 304. FIG. 4 1s a cross-
sectional view illustrating a structure 400 of a gate poly
connection, which may be formed as described 1n FIG. 2V. As
shown in F1G. 4, apolysilicon gate electrode 402 formed 1n an
insulated trench 1 a semiconductor substrate 401 may be
vertically connected directly to the gate metal (not shown) by
a W-plug contact 404. In a conventional method, polysilicon
source/shield and gate electrodes are connected to the source
metal and gate metal respectively.

FIG. 5 1s a cross-sectional view 1llustrating a structure 500
of a portion of a source trench, which may be formed during
the course of the process described above with respect to
FIGS. 2A-2Y. As shown 1n FIG. 5, a conductive portion 502
of the trench structure 500 may be formed by depositing
polysilicon, e.g., poly1, 1n a partially oxade filled trench, e.g.,
a source trench 210 in a semiconductor substrate 501. The rest
of the trench may then be filled up with an insulator 504, such
as an oxide. FIG. 5§ 1s similar to FIG. 3, but it 1s located 1n a
region of a trench pattern that does not have a source electrode
contact formed. By way of example, the structure depicted 1n
FIG. 3 and FIG. 5 may correspond to an outermost trench of
the first trench pattern 102 of FIG. 1A. This outermost trench
may act as both a termination trench/guard ring to block
against high voltages at the die edge with 1ts thick oxide
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sidewalls, and also as a contact area for the source metal 116
to contact the source electrode 302, 502 1n the trench through
contacts 112, 304

While the above 1s a complete description of the pretferred

embodiment of the present invention, 1t 1s possible to use
various alternatives, modifications and equivalents. There-
tore, the scope of the present invention should be determined
not with reference to the above description but should,
instead, be determined with reference to the appended claims,
along with their full scope of equivalents. Any feature,
whether preferred or not, may be combined with any other
teature, whether preferred or not. In the claims that follow, the
indefinite article “A”, or “An” refers to a quantity of one or
more of the item following the article, except where expressly
stated otherwise. The appended claims are not to be inter-
preted as including means-plus-function limitations, unless
such a limitation 1s explicitly recited 1n a given claim using the
phrase “means for.”

What 1s claimed 1s:

1. A method for making a shield gate trench semiconductor

device, comprising:

a) applying a trench mask as a first mask to a semiconduc-
tor substrate:

b) etching the semiconductor substrate to form trenches
TR1, TR2 and TR3 with three widths W1, W2 and W3,
respectively, wherein the trench TR3 1s widest and deep-
est and the width W3 of the trench TR3 depends on a
depth D2 of the trench TR2;

¢) forming first conductive material at the bottom of the
trenches TR1, TR2 and TR3 to form a source electrode;

d) forming a second conductive material over the first
conductive material in the trenches TR1 and TR 2 to form
a gate electrode, wherein the first and second conductive
materials are separated from each other and from the
semiconductor substrate by an insulator material;

forming a dielectric layer on top of the source electrode in
the trenches TR1, TR2 and TR3:

chemical mechanical polishing and/or etching back the
dielectric layer to a pre-determined thickness to form the
inter-poly-dielectric layer;

growing gate oxide on sidewalls of exposed portions of the
trenches TR1, TR2 and TR3; and

depositing the second conductive material into the trenches
TR1, TR2 and TR3 to a pre-determined thickness to fill
up the trenches TR1 and TR2 but does not fill completely
the trench TR3;

¢) depositing a {irst insulator layer on top of the trenches

TR1, TR2 and TR3, wherein a top portion of the trench
TR3 1s filled up with the 1msulator;

1) forming a body layer 1n a top portion of the substrate;

o) forming a source layer 1n a top portion of the body layer;

h) applying a second 1nsulator layer on top of the trenches
TR1, TR2 and TR3 and the source:

1) applying a contact mask as a second mask on top of the
second 1nsulator laver;

1) forming a source electrode contact in trench TR3, a gate
clectrode contact in trench TR2, and a source/body con-
tact to the semiconductor substrate; and

k) applying a metal mask as a third mask and forming
source metal and gate metal on top of the second insu-
lator layer.

2. The method of claim 1 wherein the gate oxide has a

thickness in a range from 250 Angstroms to 1000 Angstroms.

3. The method of claim 1 wherein the width W3 and the

second conductive material 1s deposited 1n an amount
selected such that there 1s a gap in the second conductive
material deposited 1n the trench TR3.
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4. The method of claim 3 wherein the gap 1s about 0.1
micron to 0.3 micron.

5. The method of claim 1, further comprising after g) and
before h):

ctching back the first insulator layer in the trenches TR1,
TR2 and TR3 to form spacers; and

forming salicide on top of the second conductive material

in the trenches TR1 and TR2 and on top of the source
layer.

6. The method of claim 1 wherein k) comprises:

depositing a metal layer on top of the second insulator

layer;

applying a metal mask as the third mask on top of the metal

layer; and

ctching the metal layer to form the gate metal and the

source metal through the metal mask.

7. The method of claim 1, wherein a) comprises:

depositing an oxide layer on top of the semiconductor

substrate; and

patterning the oxide layer with the first mask to form a hard

mask.

8. The method of claim 1 wherein the W1 1s about 0.3
micron to 0.5 micron; W2 1s about 0.6 micron to 0.9 micron;
and W3 1s about 1.2 microns to 2.0 microns.

9. The method of claim 1, wherein a ratio W3/W2 1s about
1.5 to 3.

10. The method of claim 1, wherein a ratio W3/D2 1s about
1.1 to 1.3.

11. The method of claim 3, further comprising after d) and
betore €):

1sotropically etching the second conductive material 1n the

trenches TR1, TR2 and TR3 such that the second con-
ductive material in the trench TR3 1s completely
removed, but wherein a portion of the second conductive
material remains 1n the trenches TR1 and TR2.

12. The method of claim 11 wherein the second conductive
material 1n the trenches TR1 and TR2 are recessed some
degree to minimize a residue of the second conductive mate-
rial in the trench TR3.

13. The method of claim 1 wherein ¢) comprises:

forming an oxide layer on sidewall of the trenches TRI1,

TR2 and TR3;

in-situ depositing the first conductive material into the

trenches TR1, TR2 and TR3; and
ctching back the first conductive material.
14. The method of claim 13 wherein a thickness of the
oxide layer 1s about 1500 Angstroms to 2500 Angstroms.
15. The method of claim 1 wherein 1) comprises:
selectively etching portions of the second insulator layer to
form a source electrode contact hole and a gate electrode
contact hole and a source/body contact hole;

depositing a barrier material on sidewall of the source
clectrode contact hole and gate electrode contact hole
and source/body contact hole; and

filling up remaining portions of the source electrode con-

tact hole and gate electrode contact hole and source/
body contact hole with a conductive plug.

16. The method of claim 15, wherein the source electrode
contact hole 1s larger than the gate electrode contact hole.

17. The method of claim 16, wherein the source electrode
contact hole 1s about 0.35 micron to 0.7 micron 1n width and
the gate electrode contact hole 1s about 0.25 micron to 0.35
micron in width.

18. A method for making a shield gate trench semiconduc-
tor device, comprising:

a) applying a trench mask as a first mask to a semiconduc-

tor substrate:
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b) etching the semiconductor substrate to form trenches
TR1, TR2 and TR3 with three widths W1, W2 and W3,
respectively, wherein the trench TR3 1s widest and deep-
est and the width W3 of the trench TR3 depends on a
depth D2 of the trench TR2;

¢) forming first conductive material at the bottom of the
trenches TR1, TR2 and TR3 to form a source electrode;

d) forming a second conductive material over the first
conductive material in the trenches TR1 and TR2 to form
a gate electrode, wherein the first and second conductive
materials are separated from each other and from the
semiconductor substrate by an insulator material;

¢) depositing a {first insulator layer on top of the trenches

—

I'R1, TR2 and TR3, wherein a top portion of the trench

-

I'R3 1s filled up with the 1msulator;
1) forming a body layer 1n a top portion of the substrate;
o) forming a source layer 1n a top portion of the body layer;

h) applying a second 1nsulator layer on top of the trenches
TR1, TR2 and TR3 and the source;

1) applying a contact mask as a second mask on top of the
second 1nsulator laver:

1) forming a source electrode contact in trench TR3, a gate
clectrode contact 1n trench TR2, and a source/body con-
tact to the semiconductor substrate; and

k) applying a metal mask as a third mask and forming
source metal and gate metal on top of the second 1nsu-
lator layer;

further comprising, aiter ¢) and before 1) selectively
removing a portion of the first insulator layer to a level
same as a top surface of the substrate.

19. The method of claim 18 wherein forming a body layer

comprises vertical implantation and annealing.

20. The method of claim 18 wherein forming the source

layer comprises vertical implantation and annealing.

21. The method of claim 18 wherein k) comprises:

depositing a metal layer on top of the second insulator
layer;

applying a metal mask as the third mask on top of the metal
layer; and

ctching the metal layer to form the gate metal and the
source metal through the metal mask.

22. The method of claim 18, wherein a) comprises:

depositing an oxide layer on top of the semiconductor
substrate; and
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patterning the oxide layer with the first mask to form a hard
mask.

23. The method of claim 18 wherein the W1 1s about 0.3
micron to 0.5 micron; W2 1s about 0.6 micron to 0.9 micron;

and W3 1s about 1.2 microns to 2.0 microns.
24. The method of claim 18, wherein a ratio W3/W2 1s

about 1.5 to 3.
25. The method of claim 18, wherein a ratio W3/D2 1s
about 1.1 to 1.3.
26. The method of claim 18, further comprising after g) and
betfore h):
ctching back the first insulator layer in the trenches TR1,
TR2 and TR3 to form spacers; and
forming salicide on top of the second conductive material
in the trenches TR1 and TR2 and on top of the source
layer.
277. The method of claim 18 wherein the first insulator layer
1s Turther recessed below the top surface of the substrate.
28. The method of claim 27, wherein forming the source
layer comprises angled implantation and annealing.
29. The method of claim 15 wherein ¢) comprises:
forming an oxide layer on sidewall of the trenches TRI1,
TR2 and TR3;
in-situ depositing the first conductive material into the
trenches TR1, TR2 and TR3; and
ctching back the first conductive material.
30. The method of claim 29 wherein a thickness of the
oxide layer 1s about 1500 Angstroms to 2500 Angstrom.
31. The method of claim 18 wherein j) comprises:
selectively etching portions of the second insulator layer to
form a source electrode contact hole and a gate electrode
contact hole and a source/body contact hole;
depositing a barrier material on sidewall of the source
clectrode contact hole and gate electrode contact hole
and source/body contact hole; and
filling up remaining portions of the source electrode con-
tact hole and gate electrode contact hole and source/
body contact hole with a conductive plug.
32. The method of claim 31, wherein the source electrode
contact hole 1s larger than the gate electrode contact hole.
33. The method of claim 32, wherein the source electrode
contact hole 1s about 0.35 micron to 0.7 micron 1n width and
the gate electrode contact hole 1s about 0.25 micron to 0.35
micron in width.
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